ABSTRACT Mortality is reported to the end of 1982 for 878 chemical workers potentially exposed to 2,4-dichlorophenoxyacetic acid (2,4-D) 
Herbicides containing 2,4-dichlorophenoxyacetic acid (2,4-D) have been used world wide for weed control in agriculture and forestry since the late 1940s. Recently, a two year dietary study with 2,4-D at targeted dose levels of 0, 1, 5, 15, or 45 mg/kg/day in Fischer 344 rats showed a statistically significant increase in the number of astrocytomas in the brains of high dose male rats only (Industry Task Force on 2,4-D research data, unpublished, 1986) . No Table 1 shows a summary of the available industrial hygiene monitoring data for 2,4-D in these plants. Industrial hygiene studies were conducted in the Mortality among employees potentially exposed to 2,4-dichlorophenoxyacetic acid and related salts The mortality experience of the exposed cohort was first compared with that of the United States white male population using rates (USDR58) and computer software developed by Monson.3 Person-years at risk for subjects were accumulated across five year age and calendar year specific intervals beginning with the date of first exposure to 2,4-D until the earliest of the following events: (1) the employee died, (2) the employee was lost to follow up, in which case he was withdrawn alive on the date of last contact, or (3) 31 December 1982. The numbers of expected deaths for 57 cause specific categories were derived by multiplying the age and calendar year specific person-years and mortality rates together and then summing the products across strata. The standardised mortality ratio (SMR) was calculated as the ratio of observed to expected deaths multiplied by 100. Ninety five per cent confidence limits were calculated using Miettinen's test based method4 when the number of observed events exceeded 20 and Fisher's exact probability test5 when the observed totalled 20 or fewer. The SMR was judged statistically significant when the confidence limits excluded the null value of 100. Examination for trends across SMRs was done using a chi squared trend test with one degree of freedom as outlined by Breslow.6 To control some of the biases associated with the "healthy worker effect," or with region of residence, a comparison was also made between the study cohort and all other male employees from this company location. This comparison was achieved through direct adjustment of mortality rates using an adaptation of the Mantel-Haenszel method for cohort studies.7 Person-years and deaths were categorised by exposure to 2,4-D, and mortality was compared between exposed and unexposed subjects adjusted for age, interval since entry into follow up, and pay status (hourly or salary).
As a consequence of the proximity of 2,4-D operations to 2,4,5-T production and formulation, and the job mobility of employees between units, a substantial percentage of employees in this cohort had the opportunity for exposure to tetra and higher chlorinated dioxins (TCDD or H/OCDDs or both). Analyses were then done stratifying employees according to whether or not they had such additional exposures. Table 2 shows the vital and employment status distributions of the 878 cohort members on 31 December 1982. Follow up was 99-9% complete as only one employee could not be traced. A total of Ill deaths was identified and certificates were obtained to determine the cause of death for them all. Table 3 shows the distribution of employees by Bond, Wetterstroem, Roush, McLaren, Lipps, Cook decade of first exposure and duration of exposure. The median year of first exposure was 1963, and 58 1% of employees were first exposed at least 15 years before the closing date of the study. The mean duration of exposure was 3 0 years (media-n = 1 1 years). The 878 cohort members contributed 16 297 person-years at risk for an average follow up of 18 6 years. The average age at entry into follow up was 28 7 years.
Results
The distribution of cohort members by exposure level, and within each level by decade of first exposure and duration of exposure is shown in table 4. Improvements in exposure conditions over time and job mobility by employees resulted in some employees having been exposed at more than one intensity level. More than one third of the cohort members were exposed in jobs categorised as 5 mg/m3 TWA exposure and nearly two thirds were exposed in jobs categorised as 0-5 mg/m3 TWA. Table 5 presents overall mortality comparisons for selected causes of death. The all causes SMR was 100. There was a non-significant rise in mortality from total malignant neoplasms (SMR = 115). There were no deaths coded to brain cancer, brain tumour, or other and unspecified neoplasms of the brain. There was a significant excess ofcancer of other and ill defined sites based on five observed cases. A review of the death certificates for those five cases and for all decedents confirmed the absence of brain neoplasms among cohort members. Non-significant excesses were noted for several cancer sites based on a small number of cases, including cancer of the large intestine (4), lymphosarcoma and reticulosarcoma (2), and leukaemia (2). One of the leukaemias was of the acute myelogenous variety in an employee with documented exposure to benzene.8 Five employees were killed in work related accidents, three in a 1950 explosion of a latex pilot plant and two from acute chemical exposures (one each from dichlorophenol and phenol).
Analysis of mortality in the cohort was done allowing for a 15 year minimum latency period. This effectively removed from the analysis those exposed after 1967. The mortality patterns described above were not altered, although some of the cause specific SMRs were increased slightly.
Mortality in the cohort was also compared with expected levels based on the experience of unexposed male workers from this manufacturing location (n = 36 804; person-years = 921 921) adjusted for age, interval since entry, and pay status (hourly, salary). Table 6 lists the Mantel-Haenszel relative risks for major categories of death, the rates for many specific causes of death being too unstable for comparison purposes. No significant differences were noted, although the patterns which were apparent from the comparison with United States men remained evident here as well.
Mortality among employees potentially exposed to 2,4-dichlorophenoxyacetic acid and related salts Analyses were done by production area (table 7) in order to determine whether there might be findings unique to an area and possibly indicative of the effects of an agent other than 2,4-D but also associated with that area. Because the 2,4-D and organic semi plants began operations much earlier, the overwhelming majority of cohort deaths were observed in those two areas. All the lymphopoietic cancers in the cohort occurred in employees who had worked in the 2,4-D plant, and this represented a significant excess over expectation. Cancer of other and unspecified sites was also significantly raised among the subset of employees from that plant. No other significant differences were apparent.
A total of 674 study subjects (76-8%) had the opportunity for exposure to TCDD or H/OCDDs or Table 5 Observed and expected* deaths, SMR, and 95% CL for selected causes ofdeath; study ofchemical workers exposed to both as a consequence ofworking in close proximity to 2,4,5-T operations or because of other job assignments necessitating direct exposure. An analysis that subdivided employees by whether or not they had the opportunity for those additional exposures did not show any significant differences between the groups. Table 8 gives the numbers of observed and expected deaths from all malignant neoplasms by duration of exposure and interval since first exposure. There were no significant rises in any subset, nor were there any significant trends with duration or with interval since entry. This was also true for other categories of death. Table 9 presents the results of dose response analyses for selected causes of death. Person-years and deaths were subdivided into three cumulative dose categories; < 0-5 mg/m3-years, 05-49 mg/m3-years, 
*Expected deaths based on mortality rates of unexposed workers adjusted for age, interval since entry, and pay status (hourly, salary).
tMantel-Haenszel risk relative to unexposed workers. Expected deaths based on United States white male mortality rates. 10- In the present study mortality among cohort members from all causes combined was equal to expected levels based on a comparison with United States men and was raised slightly relative to unexposed workers from this manufacturing location, although the difference was not statistically significant. The apparently higher mortality was due to small, nonsignificant rises in total cancer, diseases of the circulatory system, and accidents not involving mo.or vehicles. None of those causes of death, however, showed relations with duration or cumulative dose of 2,4-D exposure.
A significant excess of deaths from cancer of other and unspecified sites was noted in the cohort relative to United States men. Although mortality from ill defined cancer tends to be higher in general among and related salts. 
